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1.  Introduction 


This  short  document  presents  the  code  for  the  generation  of  user-defined  profiles  of 
meteorological  variables.  The  input  profiles  or  soundings  can  come  from  a  variety 
of  sources,  for  example,  from  Weather  Research  and  Forecasting  (IWRFI)  or  other 
model  output  and  World  Meteorological  Organization  (IWMOI)  or  other  radiosonde 
soundings.  There  are  2  main  versions  or  “methods”  that  produce  output  in  height-  or 
pressure-based  profiles  of  interpolated  level  and  integrated  mean  layer  values.  For 
most  forms  of  input,  only  the  input  routine  has  to  be  modified,  leaving  the  rest  of  the 
program  unchanged.  However,  certain  forms  of  input  may  require  modest  changes 
to  one  or  more  other  routines.  To  date,  that  has  been  required  only  once,  for  use 
with  rawinsonde  observation  (IRAOBI)  data  archived  by  the  National  Oceanic  and 
Atmospheric  Administration  (INOAAI).  More  information  on  the  programs  may  be 
found  in  previous  reports.1 2 

The  several  routines  are  shown  here  for  each  of  the  versions  including  the  one  for 
INOAAI- archived  IRAOBL  A  list  of  the  routines  required  for  each  version  is  pre¬ 
sented.  The  f  lagsound  routine  or  function  initializes  the  relevant  arrays  with  the 
missing  data  value  flag  of  -  999.  The  checkdata  function  can  be  inserted  in  the 
program  to  check  several  input,  intermediate,  or  soon-to-be  output  values  before 
the  output  is  written.  The  clean_data  function  provides  a  gross  error  check.  In 
addition,  a  short  users’  guide  describes  how  to  use  the  programs  once  compiled. 
The  other  functions  are  described  in  the  aforementioned  references.  Most  of  the 
routines  require  the  use  of  the  include  file  convert .  h  and  that,  in  turn,  uses  the 
include  file  metstruct .  h.  Since  the  code  is  in  standard  American  Standard  Code 
for  Information  Interchange  (IAS CIII)  “C”,  it  should  compile  and  run  on  any  system 
supporting  that  language.  To  date  it  has  run  on  various  Windows®  and  Linux® 
computers. 

These  source  code  files  are  released  subject  to  the  ARL  Open  Source  License.  A 
copy  of  the  license  is  in  the  Appendix,  and  a  short  summary  of  the  license  is  in¬ 
cluded  in  each  source  code  file. 
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1.1  Extracting  the  Source  Code  Files 


The  source  code  for  each  of  the  routines  (called  functions  in  C)  are  included  here. 
Files  common  to  more  than  one  version  are  repeated  with  each  version  they  are 
used  with.  The  include  files  convert .  h  and  met  struct .  h  are  used  by  nearly 
all  the  routines. 

This  document  contains  links  to  the  embedded,  or  “attached”,  copies  of  the  data 
files  used  in  preparation  of  this  report.  The  data  files  can  each  be  extracted  when 

viewing  the  electronic  version  of  this  document  by  “right  clicking”  on  one  of  the  H 
icons  and  selecting  the  “Save  Embedded  File  to  Disk  ...”  menu  option. 

2.  Routines  by  Version 

2.1  Common  Include  Files 

These  are  the  include  files  used  by  most  of  the  routines: 


(0  convert,  h 
(0  met  struct,  h 

2.2  Height-Based  Output  using  University  of  WvominglRAOBls 

The  following  list  contains  the  files  for  height-based  output  using  IRAOBIinput  from 
the  University  of  Wyoming  website.  The  executable  name  is  convertwyo.  Many 
of  the  files  appear  in  other  versions  without  modification. 


convert datawyo . c 
msgvalues . c 
f lagsound . c 
level . c 
layer . c 
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clean_data . c 


tvf romtemp . c 
prscomp . c 
readwyo . c 
writeusrmsg . c 
writeusrlvls . c 

checkdata . c 


2.3  Pressure-Based  Output  using  University  of  WvominglRAOBk 

The  following  list  contains  the  files  for  pressure-based  output  using  IRAQBI  input 
from  the  University  of  Wyoming  website.  The  executable  name  is  convertpr  swyo. 
Many  of  the  files  appear  in  other  versions  without  modification. 


convert dataprswyo . c 
msgvaluesprs . c 
f lagsound . c 
levelprs . c 
layerprs . c 
clean_data . c 
tvf romtemp . c 
readwyo . c 
writeusrmsgp . c 
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writeusrlvlsp . c 


(0  checkdata.c 


2.4  Height-Based  Output  usinglWRFl 


The  following  list  contains  the  files  for  height-based  output  using  profiles  generated 
fromlWRFloutput.  The  executable  name  is  convertwrf .  Many  of  the  files  appear 
in  other  versions  without  modification. 


convert datawrf . c 
msgvalues . c 
f lagsound . c 
level . c 
layer . c 
clean_data . c 
tvf romtemp . c 
prscomp . c 

readwrf . c 
writeusrmsg_wrf . c 
writeusrlvls_wrf . c 
checkdata . c 
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2.5  Pressure-Based  Output  usinglWRFl 


The  following  list  contains  the  files  for  pressure-based  output  using  profiles  gener¬ 
ated  from  IWRT1  output.  The  executable  name  is  convertprswrf .  Many  of  the 
files  appear  in  other  versions  without  modification 


convert dataprswrf . c 
msgvaluesprs . c 
f lagsound . c 
levelprs . c 
layerprs . c 
clean_data . c 
tvf romtemp . c 
readwrf . c 

writeusrmsgp_wrf . c 
writeusrlvlsp_wrf . c 
checkdata . c 


2.6  Height-Based  Output  usingINOAAIRAOBh 


The  following  list  contains  the  files  for  height-based  output  using  RAOB  input  from 
the  INOAAl archive  website.  The  executable  name  is  convert  noaa.  Many  of  the 
files  appear  in  other  versions  without  modification. 


(0  convertdatawyo .  c 


(0  msgvaluesnoaa .  c 
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f lagsound . c 
level . c 
layer . c 

clean_datanoaa . c 
tvf romtemptd . c 
prscomp . c 

readnoaa . c 
writeusrmsg . c 
writeusrlvls . c 

checkdatanoaa . c 


2.7  Pressure-Based  Output  usingllMOAAIRAOBI 

The  following  list  contains  the  files  for  pressure-based  output  using  IRAQBI  input 
from  the  INOAAl  archive  website.  The  executable  name  is  convertprsnoaa. 
Many  of  the  files  appear  in  other  versions  without  modification. 


convert dataprswyo . c 
msgvaluesprsnoaa . c 
f lagsound . c 
levelprs . c 
layerprs . c 
clean_datanoaa . c 
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tvf romtemptd . c 


(0  readnoaa.c 
(0  writeusrmsgp . c 
0  writeusrlvlsp . c 
0  checkdatanoaa.c 

3.  Brief  Users' Guide 

This  brief  user’s  guide  presents  the  steps  to  run  the  programs  for  generation  of 
height-  and  pressure-based  soundings  of  level  and  layer  values  of  meteorological 
variables.  The  procedures  to  run  the  program  are  not  complex,  and  past  experience 
suggests  that  users  should  be  able  to  run  the  program  easily.  Additional  information 
may  be  found  in  previous  US  Army  Research  Laboratory  (1ARLI)  reports1  2  including 
input  and  output  samples. 

3.1  Rawinsonde  Observation  Input 

The  input  routine  in  the  current  version  of  the  program  is  designed  for  IRAOBb  of 
the  type  found  at  the  University  of  Wyoming  web  site  http  :  /  /www .  weather  . 
uwyo  .  edu/ .  ForlRAOBb  with  a  different  format  than  the  University  of  Wyoming, 
normally  only  the  source  code  for  the  input  routine  must  be  revised,  but  no  other 
changes  to  the  program  are  needed.  An  exception  involves  data  from  the  INOAAI 
archive  site  http://www.esrl.noaa.gov/raobs/,  The  data  are  read  in 
nearly  the  same  way,  but  the  split  between  wind  and  temperature/humidity  (ITHI) 
special  levels  leads  to  some  changes  to  one  other  routine.  If  changes  are  made,  the 
whole  program  is  then  recompiled. 

The  IRAOBl  input  routine  for  University  of  Wyoming  formatted  data  has  code  that 
can  handle  certain  types  of  missing  data  at  the  beginning  and  the  end  of  the  data 
section: 

1.  Stations  at  heights  above  the  1,000-hPa  level  often  report  the  standard  levels 
along  with  computed  heights.  Since  there  are  no  data  below  the  surface,  the 
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rest  of  the  fields  on  those  lines  are  blank.  The  program  will  run  if  there  are 
one  or  more  contiguous  lines  with  missing  data  at  the  beginning  of  the  data 
section. 

2.  At  the  top  of  the  sounding,  sometimes  the  moisture,  the  thermal,  both  thermal 
and  moisture,  and/or  the  wind  data  are  missing.  Missing  data  items  in  the 
input  are  filled  with  blanks  (no  missing  data  indicator).  The  program  will  run 
if  one  or  more  contiguous  lines  with  missing  thermal  or  wind  data  are  at  the 
end  of  the  data  section.  However,  it  will  not  handle  all  possible  situations. 
For  many  unusual  situations  the  program  ends  after  printing  an  error  message 
telling  the  user  to  check  the  input. 

If  the  program  encounters  a  wind  speed  greater  than  221  kn  before  the  end  of  use¬ 
ful  wind  data,  it  will  end  the  input  at  the  height  immediately  below  and  produce 
output  as  if  the  data  ended  at  the  line  below  the  221-kn  speed.  To  date,  this  sit¬ 
uation  has  only  occurred  when  the  wind  fields  were  missing  and  other  quantities, 
such  as  potential  temperature  that  almost  always  has  a  value  greater  than  221  were 
encountered  in  the  data  line. 

The  IRAQBl  input  from  the  INOAAl  archive  contain  the  standard  levels  (e.g.,  1,000, 
925,  and  850  hPa)  plus  the  special  levels  for  wind  and  forlTHl  Missing  data  items 
are  indicated  by  99999  where,  for  example,  a  special  level  for  ITHI  will  omit  wind 
speed  and  direction  and  vice  versa.  Since  all  fields  are  filled,  the  data  are  read  as  one 
set  of  data  lines,  including  the  special  levels.  The  levels  with  ITHI  and  wind  data  are 
processed  separately  in  either  themsgvaluesnoaa  or  the  msgvaluesprsnoaa 
routines  as  appropriate. 

3.2  IWRFlInput 

The  current  input  routine  reads  in  “soundings”  generated  from  WRF  using  a  Linux 
script  developed  by  Reen3  that  employs  National  Center  for  Atmospheric  Research 
(INCARI)  command  language  (INCLI)  programs  that  are  available  with  the  [WRF]  soft¬ 
ware  package.  To  date,  all  data  lines  have  contained  the  appropriate  values  and  con¬ 
sequently  no  special  processing  is  needed  as  with  thelRAOBldata.  If  other  sources  of 
model  data  are  used,  but  the  data  fields  and  format  of  the  model- generated  sounding 
are  the  same,  then  no  change  is  required  to  the  input  routine.  If  the  model-derived 
sounding  has  a  different  format  or,  for  example,  a  different  order  to  the  variables  in 
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the  data  lines,  then  the  input  routine  would  require  some  modification.  In  that  case, 
the  whole  program  is  recompiled. 

The  user  defines  the  structure  of  the  output  by  listing  a  column  of  heights  or  pres¬ 
sures  in  a  text  file  that  ends  with  _lvls  (e.g.,  usrprs_lvls).  The  input  levels 
define  the  output  levels  and  the  boundaries  for  the  layers.  Since  the  height  output 
normally  is  above  ground  level  (IAGLI).  the  first  height  usually  is  0.  Height  or  pres¬ 
sure  must  monotonically  increase  or  decrease,  respectively  (i.e.,  no  repeated  values 
and  no  following  increase  of  pressure  or  decrease  of  height). 

3.3  Procedure  to  Run  the  Height-Based  Program 

The  following  are  the  procedures  for  running  the  height-based  program: 


1.  Check  the  input  sounding  for  normal  format.  For  the  IRAQBl  data  from  the 
University  of  Wyoming,  if  there  are  spaces  instead  of  data  items  in  the  in¬ 
terior  of  the  data  section  (i.e.,  not  at  the  beginning  or  the  end),  the  program 
may  or  may  not  run,  but  if  it  does  the  output  sounding(s)  will  be  incorrect. 
For  the  I WRFf derived  soundings  or  the  IRAQBl  soundings  from  the  INOAAI 
archive,  check  to  see  if  all  fields  are  filled.  As  noted  earlier,  missing  data  in 
thelNOAAlformat  are  indicated  by  99999,  but  should  not  contain  blank  fields 
in  the  data  lines.  For  both  IRAQBl  and  IWRFl  check  the  header  for  the  cor¬ 
rect  number  of  fields.  A  University  of  Wyoming  IRAOBlmust  have  the  words 
Observations  at  before  the  date  time  group.  To  date,  that  has  always 
occurred,  but  exceptions  could  happen.  Note  that  the  use  of  the  .  /  before  the 
executable  name  may  not  be  needed  for  some  operating  systems  (see  Sec¬ 


tion  3.5.3 ). 


2.  Check  that  the  correct  lvls  files  for  the  appropriate  output  soundings  are 
in  the  same  directory  as  the  executable.  The  current  version  uses  the  file 

usrhgt_lvls. 


3.  Check  the  input_parameter  s  file  for  the  correct  paths  for  input  and  out¬ 
put.  This  file  should  be  in  the  same  directory  as  the  executable. 

4.  Do  the  following  depending  on  the  input: 

(a)  For  RAOBs  from  the  University  of  Wyoming,  type  and  return  the  com¬ 
mand  line  .  / convertwyo^InputFileName  <_D. 
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(e.g.,  . /convertwyoi_RAOB_ABC_20140520  <_d). 

(b)  For  RAOBs  from  the  NOAA  archive,  type  and  return  the  command  line 

.  /convertnoaa  InputFileName 

(e.g.,  . /convertnoaa,_,RAOB_XYZ_20140520  <_d). 

(c)  For  WRF-generated  soundings  in  the  format  produced  by  the  extraction 
script,* 1 2 3 4  type  and  return  the  command  line 

.  /convertwrf ^InputFileName  <_D, 

(e.g.,  . /convertwrfl_,WRF_ABC_20140520  <-3). 


3.4  Procedure  to  Run  the  Pressure-Based  Program 

The  following  are  the  procedures  for  running  the  pressure-based  program: 

1.  Check  the  input  sounding  for  normal  format  as  in  ScctioifOj  for  the  height- 
based  program. 

2.  Check  that  the  correct  lvls  files  for  the  appropriate  output  soundings  are 
in  the  same  directory  as  the  executable.  The  current  version  uses  the  file 

usrprs_lvls. 

3.  Check  the  input_parameter s  file  for  the  correct  paths  for  input  and  out¬ 
put.  This  file  should  be  in  the  same  directory  as  the  executable. 

4.  Do  the  following  depending  on  the  input: 

(a)  For  RAOBs  from  the  University  of  Wyoming,  type  and  return  the  com¬ 
mand  line  .  /converprstwyo^InputFileName  <_3, 

(e.g.,  . /converprstwyoi_lRAOB_ABC_20140520  <_d). 

(b)  For  RAOBs  from  the  NOAA  archive,  type  and  return  the  command  line 

.  / convertprsnoaa^InputFileName  <_D. 

(e.g.,  . /convertprsnoaa,_,RAOB_XYZ_20140520  <_d). 

(c)  For  WRF-generated  soundings  in  the  format  produced  by  the  extraction 
script,3  type  and  return  the  command  line 

.  / convertprswrf ^InputFileName  ^_3, 

(e.g.,  . /convertprswrfl_,WRF_ABC_20140520  <_3). 
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3.5  Notes 


3.5.1  lvls  Files 

The  files  ending  in  _1  vl  s  provide  the  level  and  layer  structure  information  for  the 
program.  If  1, ...,  n  —  1  lvls  files  out  of  n  such  files  are  not  in  the  same  directory, 
then  the  program  skips  that  (those)  part  (parts)  of  the  calculations,  and  if  no  lvls 
files  exist  at  all,  then  the  program  quits  without  crashing  after  printing  an  error 
message. 

3.5.2  input_parameters  Files 

The  input_parameters  file  is  required.  It  contains  the  input  and  output  direc¬ 
tories.  Though  they  may  be  the  same  or  different,  a  line  for  each  is  needed.  Without 
that  file,  the  program  quits  after  printing  an  error  message.  If  there  is  only  one  line, 
the  program  runs  without  producing  output. 

3.5.3  A  Note  for  Windows  Systems 

To  run  in  a  Windows  command  prompt  window,  type  the  executable  name  without 
the  preceding  .  /  followed  by  the  input  filename  (e.g., 

convertwyoi_,RAOB_ABC_20140520  <_D). 

4.  Conclusion 

This  report  presents  the  source  code  used  in  the  analysis  of  vertical  profiles  of  me¬ 
teorological  variables.  The  programs  may  be  used  to  interpolate  vertical  profiles  at 
user-defined  height  or  pressure  levels  and  compute  integrated  mean  values  for  lay¬ 
ers  defined  by  the  aforementioned  height  or  pressure  levels.  The  input  may  come 
from  observation  systems  such  as  radiosondes,  lidars,  and  radar  wind  profilers  as 
well  as  from  profiles  generated  from  numerical  weather  model  output  such  as  from 
the  WRF  model. 

These  programs  have  evolved  over  time  to  account  for  new  types  of  input  as  well  as 
upgrades  to,  for  example,  produce  additional  types  of  output  profiles.  It  is  expected 
that  this  process  will  continue,  including  upgrades  suggested  by  users  of  the  soft¬ 
ware.  The  data  files  used  for  the  report  are  embedded  in  the  electronic  version  and 
may  be  extracted  using  the  links  in  Section  [2} 
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TERMS  AND  CONDITIONS  FOR  USE,  REPRODUCTION,  AND 
DISTRIBUTION 


1.  Definitions. 

“License”  shall  mean  the  terms  and  conditions  for  use,  reproduction,  and  dis¬ 
tribution  as  defined  by  Sections  1  through  10  of  this  document. 

“Licensor”  shall  mean  the  project  originator  or  entity  authorized  by  the  project 
originator  that  is  granting  the  License. 

“Legal  Entity”  shall  mean  the  union  of  the  acting  entity  and  all  other  entities 
that  control,  are  controlled  by,  or  are  under  common  control  with  that  entity. 
For  the  purposes  of  this  definition,  “control”  means  (i)  the  power,  direct  or 
indirect,  to  cause  the  direction  or  management  of  such  entity,  whether  by 
contract  or  otherwise,  or  (ii)  ownership  of  fifty  percent  (50%)  or  more  of  the 
outstanding  shares,  or  (iii)  beneficial  ownership  of  such  entity. 

“You”  (or  “Your”)  shall  mean  an  individual  or  Legal  Entity  exercising  per¬ 
missions  granted  by  this  License. 

“Source”  form  shall  mean  the  preferred  form  for  making  modifications,  in¬ 
cluding  but  not  limited  to  software  source  code,  documentation  source,  and 
configuration  files. 

“Object”  form  shall  mean  any  form  resulting  from  mechanical  transformation 
or  translation  of  a  Source  form,  including  but  not  limited  to  compiled  object 
code,  generated  documentation,  and  conversions  to  other  media  types. 

“Work”  shall  mean  the  work  of  authorship,  whether  in  Source  or  Object  form, 
made  available  under  the  License,  as  indicated  by  a  notice  that  is  included  in 
or  attached  to  the  work  (an  example  is  provided  in  the  Appendix  below). 

“Derivative  Works”  shall  mean  any  work,  whether  in  Source  or  Object  form, 
that  is  based  on  (or  derived  from)  the  Work  and  for  which  the  editorial  revi¬ 
sions,  annotations,  elaborations,  or  other  modifications  represent,  as  a  whole, 
an  original  work  of  authorship.  For  the  purposes  of  this  License,  Derivative 
Works  shall  not  include  works  that  remain  separable  from,  or  merely  link  (or 
bind  by  name)  to  the  interfaces  of,  the  Work  and  Derivative  Works  thereof. 

“Contribution”  shall  mean  any  work  of  authorship,  including  the  original  ver¬ 
sion  of  the  Work  and  any  modifications  or  additions  to  that  Work  or  Derivative 
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Works  thereof,  that  is  intentionally  submitted  to  Licensor  for  inclusion  in  the 
Work  by  the  author  or  by  an  individual  or  Legal  Entity  authorized  to  sub¬ 
mit  on  behalf  of  the  author.  For  the  purposes  of  this  definition,  “submitted” 
means  any  form  of  electronic,  verbal,  or  written  communication  sent  to  the 
Licensor  or  its  representatives,  including  but  not  limited  to  communication 
on  electronic  mailing  lists,  source  code  control  systems,  and  issue  tracking 
systems  that  are  managed  by,  or  on  behalf  of,  the  Licensor  for  the  purpose 
of  discussing  and  improving  the  Work,  but  excluding  communication  that  is 
conspicuously  marked  or  otherwise  designated  in  writing  by  the  author  as 
“Not  a  Contribution.” 

“Contributor”  shall  mean  Licensor  and  any  individual  or  Legal  Entity  on  be¬ 
half  of  whom  a  Contribution  has  been  received  by  Licensor  and  subsequently 
incorporated  within  the  Work. 

2.  Grant  of  Copyright  License.  Subject  to  the  terms  and  conditions  of  this  Li¬ 
cense,  where  copyright  exists,  each  Contributor  hereby  grants  to  You  a  perpet¬ 
ual,  worldwide,  non-exclusive,  no-charge,  royalty-free,  irrevocable  copyright 
license  to  reproduce,  prepare  Derivative  Works  of,  publicly  display,  publicly 
perform,  sublicense,  and  distribute  the  Work  and  such  Derivative  Works  in 
Source  or  Object  form. 

3.  Grant  of  Patent  License.  Subject  to  the  terms  and  conditions  of  this  License, 
each  Contributor  hereby  grants  to  You  a  perpetual,  worldwide,  non-exclusive, 
no-charge,  royalty-free,  irrevocable  (except  as  stated  in  this  section)  patent 
license  to  make,  have  made,  use,  offer  to  sell,  sell,  import,  and  otherwise 
transfer  the  Work,  where  such  license  applies  only  to  those  patent  claims 
licensable  by  such  Contributor  that  are  necessarily  infringed  by  their  Con- 
tribution(s)  alone  or  by  combination  of  their  Contribution(s)  with  the  Work 
to  which  such  Contribution(s)  was  submitted.  If  You  institute  patent  litigation 
against  any  entity  (including  a  cross-claim  or  counterclaim  in  a  lawsuit)  alleg¬ 
ing  that  the  Work  or  a  Contribution  incorporated  within  the  Work  constitutes 
direct  or  contributory  patent  infringement,  then  any  patent  licenses  granted 
to  You  under  this  License  for  that  Work  shall  terminate  as  of  the  date  such 
litigation  is  filed. 

4.  Redistribution.  You  may  reproduce  and  distribute  copies  of  the  Work  or  Deriva¬ 
tive  Works  thereof  in  any  medium,  with  or  without  modifications,  and  in 
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Source  or  Object  form,  provided  that  You  meet  the  following  conditions: 

(a)  You  must  give  any  other  recipients  of  the  Work  or  Derivative  Works  a 
copy  of  this  License;  and 

(b)  You  must  cause  any  modified  files  to  carry  prominent  notices  stating  that 
You  changed  the  files;  and 

(c)  You  must  retain,  in  the  Source  form  of  any  Derivative  Works  that  You 
distribute,  all  copyright,  patent,  trademark,  and  attribution  notices  from  the 
Source  form  of  the  Work,  excluding  those  notices  that  do  not  pertain  to  any 
part  of  the  Derivative  Works;  and 

(d)  If  the  Work  includes  a  “NOTICE”  text  file  as  part  of  its  distribution,  then 
any  Derivative  Works  that  You  distribute  must  include  a  readable  copy  of 
the  attribution  notices  contained  within  such  NOTICE  file,  excluding  those 
notices  that  do  not  pertain  to  any  part  of  the  Derivative  Works,  in  at  least 
one  of  the  following  places:  within  a  NOTICE  text  file  distributed  as  part  of 
the  Derivative  Works;  within  the  Source  form  or  documentation,  if  provided 
along  with  the  Derivative  Works;  or,  within  a  display  generated  by  the  Deriva¬ 
tive  Works,  if  and  wherever  such  third-party  notices  normally  appear.  The 
contents  of  the  NOTICE  file  are  for  informational  purposes  only  and  do  not 
modify  the  License.  You  may  add  Your  own  attribution  notices  within  Deriva¬ 
tive  Works  that  You  distribute,  alongside  or  as  an  addendum  to  the  NOTICE 
text  from  the  Work,  provided  that  such  additional  attribution  notices  cannot 
be  construed  as  modifying  the  License. 

You  may  add  Your  own  copyright  statement  to  Your  modifications  and  may 
provide  additional  or  different  license  terms  and  conditions  for  use,  reproduc¬ 
tion,  or  distribution  of  Your  modifications,  or  for  any  such  Derivative  Works 
as  a  whole,  provided  Your  use,  reproduction,  and  distribution  of  the  Work 
otherwise  complies  with  the  conditions  stated  in  this  License. 

5.  Submission  of  Contributions.  Unless  You  explicitly  state  otherwise,  any  Con¬ 
tribution  intentionally  submitted  for  inclusion  in  the  Work  by  You  to  the  Li¬ 
censor  shall  be  under  the  terms  and  conditions  of  this  License,  without  any 
additional  terms  or  conditions.  Notwithstanding  the  above,  nothing  herein 
shall  supersede  or  modify  the  terms  of  any  separate  license  agreement  you 
may  have  executed  with  Licensor  regarding  such  Contributions. 
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6.  Trademarks.  This  License  does  not  grant  permission  to  use  the  trade  names, 
trademarks,  service  marks,  or  product  names  of  the  Licensor,  except  as  re¬ 
quired  for  reasonable  and  customary  use  in  describing  the  origin  of  the  Work 
and  reproducing  the  content  of  the  NOTICE  file. 

7.  Disclaimer  of  Warranty.  Unless  required  by  applicable  law  or  agreed  to  in 
writing.  Licensor  provides  the  Work  (and  each  Contributor  provides  its  Con¬ 
tributions)  on  an  “AS  IS”  BASIS,  WITHOUT  WARRANTIES  OR  CONDI¬ 
TIONS  OF  ANY  KIND,  either  express  or  implied,  including,  without  limita¬ 
tion,  any  warranties  or  conditions  of  TITLE,  NON-INFRINGEMENT,  MER¬ 
CHANTABILITY,  or  FITNESS  FOR  A  PARTICULAR  PURPOSE.  You  are 
solely  responsible  for  determining  the  appropriateness  of  using  or  redistribut¬ 
ing  the  Work  and  assume  any  risks  associated  with  Your  exercise  of  permis¬ 
sions  under  this  License. 

8.  Limitation  of  Liability.  In  no  event  and  under  no  legal  theory,  whether  in  tort 
(including  negligence),  contract,  or  otherwise,  unless  required  by  applicable 
law  (such  as  deliberate  and  grossly  negligent  acts)  or  agreed  to  in  writing, 
shall  any  Contributor  be  liable  to  You  for  damages,  including  any  direct,  in¬ 
direct,  special,  incidental,  or  consequential  damages  of  any  character  arising 
as  a  result  of  this  License  or  out  of  the  use  or  inability  to  use  the  Work  (includ¬ 
ing  but  not  limited  to  damages  for  loss  of  goodwill,  work  stoppage,  computer 
failure  or  malfunction,  or  any  and  all  other  commercial  damages  or  losses), 
even  if  such  Contributor  has  been  advised  of  the  possibility  of  such  damages. 

9.  Accepting  Warranty  or  Additional  Liability.  While  redistributing  the  Work  or 
Derivative  Works  thereof,  You  may  choose  to  offer,  and  charge  a  fee  for,  ac¬ 
ceptance  of  support,  warranty,  indemnity,  or  other  liability  obligations  and/or 
rights  consistent  with  this  License.  However,  in  accepting  such  obligations, 
You  may  act  only  on  Your  own  behalf  and  on  Your  sole  responsibility,  not  on 
behalf  of  any  other  Contributor,  and  only  if  You  agree  to  indemnify,  defend, 
and  hold  each  Contributor  harmless  for  any  liability  incurred  by,  or  claims 
asserted  against,  such  Contributor  by  reason  of  your  accepting  any  such  war¬ 
ranty  or  additional  liability. 

10.  All  or  part  of  this  work  is  in  the  public  domain  and  not  subject  to  copyright. 
If  any  part  of  this  work  is  deemed  copyrightable,  now  or  in  the  future,  its 
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Contributors  agree  that  such  copyrightable  parts  may  be  distributed  under  the 
terms  of  this  License. 


END  OF  TERMS  AND  CONDITIONS 
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List  of  Symbols,  Abbreviations,  and  Acronyms 


Symbols 

TH  temperature/humidity 

Acronyms 

AGL  above  ground  level 

ARL  US  Army  Research  Laboratory 

ASCII  American  Standard  Code  for  Information  Interchange 
NCAR  National  Center  for  Atmospheric  Research 
NCL  INC ARI  command  language 

NOAA  National  Oceanic  and  Atmospheric  Administration 
RAOB  rawinsonde  observation 
WMO  World  Meteorological  Organization 
WRF  Weather  Research  and  Forecasting 
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